Background
Introduction
Although ischemic heart diseases are a leading cause of morbidity and mortality in most European countries [1] and worldwide [2] , decreasing patterns of incidence and mortality in acute myocardial infarction (AMI) have been observed over time [3] . This could be due in part to the reduction of known cardiovascular risk factors [4] , and to a decrease in the incidence of ST-segment elevation myocardial infarction (STEMI) [5] , which exposes patients to a higher risk of short-term mortality compared to non-ST-segment elevation myocardial infarction (NSTEMI). On the other hand, a nationwide observational study conducted in 2007 in France showed that patients with NSTEMI and STEMI have comparable in-hospital and long-term prognoses [6] .
The increased uptake of evidence-based treatments, including timely use of revascularization procedures such as percutaneous coronary interventions (PCI) in STEMI, may also have contributed to the decreasing mortality trend [7] .
Unfortunately, there is evidence showing that improvements in cardiovascular health are not equally distributed across populations, and that low socioeconomic status or educational status negatively affect either access to cardiac procedures [8] or short- [9] and long-term mortality after AMI [10, 11] , even in countries with universal health care systems [12, 13] . Also gender differentials in treatments or mortality have been reported in Europe [9, 14] and in the US [15, 16] .
In Italy, improvements in the short-term prognosis of patients hospitalised for AMI have been observed in 2001-2011 [17] . However, only few studies investigated socio-demographic differentials in access to therapeutic procedures and outcomes after AMI, with findings changing over time. A study conducted in Rome in 1998-2000 on patients with first acute coronary event showed limited access of disadvantaged patients to recanalization procedures; instead, it found weak association between deprivation status or educational level and short term fatality, and no association with one-year prognosis [18] . A study conducted in Tuscany in [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] showed a reduction of socioeconomic differentials in percutaneous transluminal coronary angioplasty (PTCA) utilisation among patients with STEMI [19] . Another study conducted in Piedmont in 2008 on patients with AMI, despite gender and socioeconomic differences in the use of revascularization, did not find gender or social disparities in either short-or long-term mortality, also stratifying by STEMI and NSTEMI [20] . A more recent population-based study in Tuscany found differences in coronary reperfusion therapy of hospitalised patients with AMI by gender, showing that women were less treated than men [21] .
It remains unclear whether there are socioeconomic and gender differentials in access to effective coronary interventions and post-AMI mortality, and if such differences are due to unequal treatment. Updated data on temporal trends in the use of cardiac procedures and in mortality on large scale, which may help to disentangle this question, are very limited.
The objective of this study was to evaluate temporal trends of the association of educational level attained and gender with access to PTCA or 30-day mortality. We used data from the Rome Longitudinal Study (RoLS) [22] , a cohort of residents in Rome in 2001 followed up until 2012, taking into account comorbidities and other relevant risk factors. We chose the PTCA procedure because it is the treatment of choice for STEMI patients [23, 24] , and short-term mortality because it is considered a valid and reproducible measure related to appropriateness and effectiveness of diagnosis and treatment of AMI [25] .
Material and methods

Ethics statement
The RoLS is part of the National Statistical Program for the years 2011-2013 and was approved by the Italian Data Protection Authority. It was not necessary to obtain patients' consent because we used data already collected at the beginning of the study and the data were analysed anonymously. Individuals cannot be identified either directly or through identifiers, and results are shown in aggregate form.
Study design and data sources
We conducted an observational study of subjects participating in the RoLS cohort, which includes people residing in Rome on 21 October 2001 (about 2.5 million inhabitants at the 2001 Italian census, National Institute of Statistics). Through record-linkage procedures, conducted under strict control to protect individual privacy, information on socioeconomic characteristics reported in the 2001 Census of the Italian population were collected for 2,118,670 individuals. Vital status was followed up until 31 December 2012 using data of the Rome Municipal Register. During the study period, 214,213 individuals (10.1%) deceased; information on death causes were retrieved from the Regional Mortality Registry for 213,341 (99.6%) individuals, while 284,344 were lost to follow-up due to emigration (13.4%).
The study cohort
Using the Regional Hospital Discharge Information System, we retrospectively identified and extracted from the RoLs cohort individuals admitted to any hospital in the Lazio region for an incident STEMI (ICD9CM codes 410.x except x = 7,9 in principal or secondary diagnoses) between 21 October 2001 and 20 October 2012. We considered hospital discharge records registered during an additional period of five years before the enrolment date to check if STEMI cases selected were incident. We included only people aged 35-74 years at entry in the RoLS. We excluded foreign citizens, which may have a different chance to be followed up, especially at older ages, obtaining a final study population of 14,013 individuals. Additional information on the time span between hospital admission and PTCA procedure were available from 21 October 2008 to 20 October 2012 in the RAD-esito archive, an extension of the hospital discharge registry. Fig 1 shows the flow-chart for the selection of the study cohort.
Exposures, risk factors and outcomes
We considered two main exposures: educational level attained (one of the most important dimensions of socioeconomic position) at cohort entry (21 October 2001) , classified according to the International Standard Classification of Education (ISCED): no education/primary level (0/1, reference category), lower secondary (2), upper secondary (3), post-secondary or more (4, 5, 6) ; and gender (reference: females).
In order to evaluate temporal trends, time was analysed according to years or equal time periods.
Demographic information, such as age at event and birthplace (born in Rome vs born elsewhere), and hospitalisations in the two years before the first occurrence of STEMI (for heart, cerebrovascular, liver/chronic digestive, or chronic renal diseases, anemia and coagulation disorders, cancer, COPD-see Table 1 for ICD9CM descriptions and codes) were considered as additional risk factors. In addition, in a hierarchical analysis discharge hospitals were considered as clusters.
We studied two outcomes: 1) access to PTCA within 2 days (PTCA2d) after hospital admission for incident STEMI, using the following ICD9CM codes as principal or secondary procedure: 00.66, 36.01, 36.02, 36.05, 36.06, 36.07. Whenever there was a second hospitalisation within 2 days, PTCA procedures in the discharge record following the index record were also considered; 2) 30-day mortality due to natural causes (ICD9: 001-799) occurred within 30 days after the date of admission.
Only for descriptive purposes, we also considered the outcome access to PTCA within 90 minutes (PTCA90m) after hospital admission for incident STEMI. However, we did not model this information because it was registered only for the last four years and information on its quality was not available for this study.
Statistical analysis
We carried out descriptive statistics of variables and tested for differences of means (t test) or proportions (chi-squared test) over time. To study temporal trends of the association between education or gender and access to PTCA within 2 days or 30-day mortality, we used logistic regression. 
Procedure
Operations on valves and septa of heart (35) Removal of coronary artery obstruction and insertion of stent(s) (36.0); Bypass anastomosis for heart revascularization (36.1); Bypass anastomosis for heart revascularization (37.0); Cardiotomy and pericardiotomy (37.1); Pericardiectomy and excision of lesion of heart (37.3); Repair of heart and pericardium (37.4); Heart replacement procedures (37.5); Implantation of heart and circulatory assist system(s) (37.6); Other operations on heart and pericardium (37. . We then estimated crude and adjusted odds ratios (ORs) including education, gender, age at event, birthplace, comorbidities, stratifying by time period or single year. To study temporal trends of access to PTCA and occurrence of 30-day mortality, we included the dummy variable of time in the models and compared associations in the more recent period (after) toward the less recent period (before).
We used the Likelihood Ratio Test (LRT) to assess if the interactions were statistically significant, and the effect of adding confounding variables in the models.
In a further analysis, we used hierarchical logistic regression [26] to account for the presence of clustering of patients within hospitals: we considered individual characteristics as level-1 fixed predictors, and hospitals as level-2 random intercept predictors. In order to increase the accuracy of standard errors, we grouped hospitals with less than 30 records, obtaining more than 30 level-2 clusters. We did not apply this kind of analysis to models stratified by year.
We considered two-sided p-values less than 0.05 as statistically significant. We used software SAS Enterprise guide to perform statistical analyses.
Results
We analysed 14,013 patients with STEMI discharged from 87 hospitals in Lazio region during the study period. The average number of PTCA90m by hospital (available only in 2008-2012) was 57 (range 1-236), while it was 199 for PTCA2d , and 18 for the number of deaths . Fig 2 shows temporal trends of the number of STEMI, PTCA90m and PTCA2d crude percentages, and 30-day mortality. Table 2 shows the patients' characteristics and outcomes for each year considered. The number of STEMI decreased over time (from 1357 to 1113), while the percentages of PTCA procedures increased (from 50.2% to 59.5% for PTCA90m, p = 0.0015, and from 17.6% to 69.5% for PTCA2d, p<0.0001); 30-day mortality was 8.2% in the study period, with some variability over time (p = 0.0079). Mean age of the study population was 65 years, 72.9% were male, 50.7% were born in Rome, and the percentage of people with low education (no formal or only primary education) was 33.1%. Statistically significant differences of patients' characteristics can be observed over time, except for birthplace. The prevalence of hospitalisation for comorbidities was 12.9% for heart, 7.0% for cerebrovascular diseases, 1.8% for liver/chronic digestive diseases, and 3.1% for chronic renal diseases, 1.5% for anemia and coagulation disorders, 4.9% for cancer, 3.8% for COPD. Percentages increased over time, except those for cerebrovascular and liver/chronic digestive causes, and for COPD, which showed a steady trend.
Results from regression models
Crude ORs of PTCA2d were positively associated with either education or gender, resulting respectively 1.50 (95%IC 1.337-1.674) among the more educated compared to the less Adjusted analysis and temporal trends of differentials. We did not find relevant interactions between the exposures considered, while when we analysed time we found interactions in association with PTCA2d for education (LRT = 0.022) and for gender (LRT = 0.066). Therefore, we calculated mutually adjusted ORs for demographic risk factors and concomitant diseases stratified by time periods (Table 3) .
For PTCA2d, the stratified analysis showed educational differential in the first time period only (OR of higher vs lower education 1.36, 95%CI 1.157-1.607), adjusting for the other risk factors considered. We observed adjusted gender differentials in both time periods, with males' ORs vs females' ORs 1.30 (95%CI 1.157-1.461) in the first period and 1.57 (1.395-1.765) in the second one.
For 30-day mortality, we observed educational differentials as measured by point estimates in both time periods; however, such differences were statistically significant only in the second period and between the extreme categories, with the more educated advantaged compared to the less educated (OR 0.63, 95%CI 0.449-0.874). For the gender exposure we observed only borderline differentials in the first time period (OR 0.81, 95%CI 0.667-0.979).
When we analysed adjusted ORs of educational level or gender on PTCA2d by year (Fig 3) , we found inequalities for educational level at the beginning of the study period (in 2001-2003), and we observed higher ORs of PTCA2d for males compared to females in all years When we applied the hierarchical logistic regression to take into account hospitals as clusters, we did not find relevant differences in comparison with previous findings from logistic regression.
Discussion
Using data from a large census-based cohort of residents in Rome (Italy) over 11 years, we provide updated evidence on educational and gender differentials of access to PTCA and 30-day Education and gender differentials in access to PTCA and mortality among patients with STEMI post-STEMI mortality, which was the central objective of our study. We used a valid exposure measure of individual educational level from census data.
Main results show that the use of PTCA among patients with a first occurrence of STEMI increased during the study period, while we did not find changes in 30-day mortality. We also observed a decreasing number of STEMI, which may be partially explained with the closed cohort design. This finding is however also in agreement with recent national [21] and international literature [5, 27, 28] , which attributes a decrease in the number of STEMI to the improvement of primary prevention measures, and the increase of evidence-based therapeutic changes.
We observed a clear pattern of educational differentials in the access to PTCA therapy (lower among the less educated), but only in the first time period, accompanied by a less evident pattern of 30-day mortality (higher among the less educated).
Gender differences were also evident in both time periods for the access to PTCA (lower among women), while the pattern was less evident for 30-day mortality (higher among women).
Given the variability of the number of procedures delivered by discharge hospitals and their intrinsic characteristics, we repeated the analysis using a hierarchical approach to account for the hospital as a cluster, obtaining similar results.
The increased use of revascularization over time has been already documented in studies conducted in a large Italian region (Tuscany) in 2001-2008 [19] and in 1997-2010 [21] ; the more recent study showed a steady short-term prognosis of STEMI when STEMI and NSTEMI were analysed separately. These results may appear contradictory, as one would expect decreasing mortality pattern following increased use of evidence-based cardiologic interventions. However, such results should be interpreted taking into account changes occurred throughout the study period in our region in factors related to the STEMI system of care indicated in recent guideline for the management of STEMI [24] , affecting 30-day mortality in opposite directions: 1) the increased awareness of professionals involved in the health care and assistance of patients with cardiac problems, which may decrease the severity of acute events and therefore the mortality risk; 2) the improved management of acute coronary events implies changes in patients selection processes over time, which on the one hand may increase the survival of more severe STEMI and their chance to be treated before dying over time, but on the other hand may impact negatively on the overall short-term prognosis observed in our data [29, 30] .
Our findings show differences in the treatment of patients with STEMI depending on educational background in Rome only in the first time period considered, in analogy with the results registered a decade ago [18] , suggesting an improvement in the ability of the health system to reach the whole population.
Coronary risk factors, refusal to give consent for the intervention, misinterpretation of symptoms, and therefore delays in medical assistance, have been invoked as possible explanations of such differences [31, 32, 33] . The spread-out of revascularization procedures over time may have played a role in the reduction of such differentials. Also in the study conducted in Tuscany in 2001-2008, findings showed a reduction of the socioeconomic differential in the PTCA utilisation which were explained by diffusion of suitable invasive cardiology units and improved organizational models of care.
Equity of treatment is suggested also by lack of strong educational differentials in shortterm mortality after STEMI, which is a robust indicator of appropriate hospital care. Educational differentials in mortality observed among our STEMI cohort only in the more recent times and between the extreme categories of educational level, may be partially explained with factors not included in our analysis, such as improved medical treatment and increased survival of high-risk patients in particular among patients with the highest education [29] . In addition, factors related to the increase of unemployment and impoverishment of the population after the economic downturn occurred in the more recent years, which may independently worsen the population health status, may contribute to explain this result [34, 35] .
In part our results are also comparable with those from the study conducted in Piedmont [20] where, although socioeconomic differences in the use of revascularization were observed, no differences emerged for in-hospital and 1-year mortality, suggesting that patients were differently, but equitably, treated.
We observed differentials in treatment of STEMI by gender, with women being more disadvantaged than men. Gender disparity in revascularization not depending on severity of illness or risk of mortality has been previously observed in a large study conducted in Piedmont in 2009 [36] and in the more recent study conducted in Tuscany, and ascribed to atypical clinical symptoms, anatomical characteristics of vessels, and underestimation of cardiac ischemia among women [21] . Also the international literature reported gender differentials in revascularization in women [16, 14] , which were explained by atypical presentation of symptoms or higher bleeding compared to men, or by delays in request for medical help. We also observed higher mortality among females in the first time period considered in our study, in analogy with a study conducted in Sweden, which analysed in-hospital mortality in STEMI patients [37] , and in the Netherlands, which analysed short-term prognosis among AMI patients [9] . However, the evidence available on this gender issue is controversial. We did not observe differences in the second time period considered, consistently with the results of an Italian study in Piedmont which did not find gender differentials in 2008 [20] . A recent study using Cardiovascular Magnetic Resonance Imaging in STEMI patients reperfused by primary angioplasty found that unadjusted gender differences in early death after STEMI disappeared when differences in baseline risk and clinical characteristics were taken into account [38] .
Limitations
Sources of potential bias should be mentioned. Loss to follow-up due to emigration may introduce selection bias of the study population, in particular if emigrants differed significantly compared to non-emigrants in educational background or gender. Assuming that the more educated and males are more likely to emigrate, and that access to therapy and favourable prognosis is positively correlated with emigration risk, observed associations may be underestimated. However, in our cohort the probability of emigration by educational level or gender showed only modest heterogeneity: people who emigrated were 11.2% among those with the highest level of education vs 9.9% among those without formal education or owing the primary level, and were 12.8% among males vs 10.6% among females.
Another potential bias may arise from our definition of incident STEMI, as we checked for non-incident cases during a minimum period of five years before the cohort enrolment in 2001, implying that less recent STEMI had more chance to be misclassified as incident STEMI than more recent ones. However, a five-year period should be enough to find genuine incident cases over the study period.
Another limitation concerns the use of PTCA within 2 days after STEMI, which was the only valid information available for the whole study period. This information tells us that patients underwent PTCA within 2 days after an access to hospital for STEMI, and includes those patients who underwent PTCA within 90 minutes. Unfortunately, this measure may be considered only a proxy of timely access to PTCA. However, since it increased during the study period (from 17.6 to 69.5 out of hospitalized STEMI patients), and the PTCA within 90 minutes increased as well during the period we could measure it (between 50.2 to 59.5, during the last four years of observation), we think that the proxy measure is quite representative of an improvement of quality of care to patients with STEMI in our Region.
A source of misclassification may be related to the measurement of timely access to PTCA, which is known to be important in order to obtain the maximum benefit from the therapy [39] . We were able to measure only the time between hospital admission and PTCA, while the time elapsed between the arrival at the emergency room of the initial referral hospital and the intervention would be a more appropriate measure of timely access to PTCA. Under the hypothesis of non-differential misclassification then the observed differences would be underestimated.
In addition, we ignore some important confounding factors, such as the actual time elapsed between the onset of symptoms and the procedure, or pre-hospital delay, which may confound the associations observed [40] . For other important confounding risk factors, such as smoking and bad health status of the patients, we have considered the history of other hospitalisations (including BPCO) as proxies.
External validity of our results may be limited because of the closed cohort design approach, which however does not affect internal validity.
Conclusions
We observed increased use of PTCA procedures and steady short-term prognosis after STEMI over an eleven-year follow-up. We observed educational differentials in PTCA only in the first time period, and women seemed disadvantaged, while we did not observe relevant educational or gender differentials in 30-day mortality, coherently with national and international literature. This study suggests that in the Lazio region there is equity of treatment in the access to PTCA, which indicates good quality of care in this area. Although gender differentials may be due to unaccounted clinical factors, it may be important to better assess the role of female gender in patients with STEMI both from a social and a clinical point of view.
